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Short Report

The 2017 Dengue virus 1 outbreak in northern Vietnam was caused by a locally circulating virus group
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Abstract
Background
Dengue virus (DENV) is a member of insect vector-borne viruses, and it causes dengue fever. Southeast Asia is the epi-center of dengue fever in the world. The characterization of the virus is essential to identify the transmission and evolution of DENV.

Objectives
In 2017, there was an outbreak of Dengue virus type 1 (DENV1) in northern Vietnam and the neighboring countries. To identify the genetic character of the outbreak virus in the area, we conducted whole-genome sequencing analysis on the samples positive for the DENV1 along with real-time PCR.

Study design
In total, 1026 blood samples were collected from patients with suspected dengue fever in Ha Nam and Hai Duong province, nearby areas of the capital of Vietnam. After screening by real-time PCR, 40 of DENV1 positive samples were subjected to whole-genome sequencing, and 28 complete coding sequences were obtained.

Results
All 28 sequences were genotype I of DENV1, which is dominant in the southeast and East Asian countries. The phylogenetic analysis of the E region showed that they fell into a single cluster with the reported sequences from Vietnam between 2009 and 2016, in which the isolates from other countries are very rare. Our results suggested that the 2017 outbreak in the area was caused by locally circulating viruses.
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The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s41182-021-00386-0.
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Background
Dengue virus (DENV) is the causative agent of dengue fever and dengue hemolytic fever or dengue shock syndrome. Four different serotypes (DENV1–4) have been identified and are known to be transmitted by two mosquito species, Aedes aegypti and A. albopictus [1]. Dengue fever is a major global health threat as it affects more than 100 countries worldwide. In the summer of 2017, we experienced a large-scale outbreak of DENV1 infection in northern Vietnam [2]. According to the World Health Organization situation report, 36,345 DENV1 cases had been recorded in Hanoi from January through November; and this number was approximately 4–5 times higher than that of the previous year [3]. The DENV1 outbreak in 2017 was also observed in the neighboring countries. In Xishuangbanna, located along the southern border of China, over 1,100 cases were confirmed during the same period [4].
In this study, we aimed to elucidate the genetic characteristics of the DENV1 strain that caused the 2017 outbreak. To this end, we conducted a whole-genome analysis of DENV1 on serum samples collected from the patients in Ha Nam and Hai Duong, which are located in northern Vietnam.
Methods
Blood samples were collected from patients suspected to have dengue fever, who visited Ha Nam Province General Hospital and Hai Duong Preventive Medicine Center. Among 1026 tested samples, 252 were positive for DENV, determined by real-time PCR (RT-PCR), including 227 cases of DENV1, 23 cases of DENV2, two cases of DENV3, and two cases of DENV4 [5, 6]. Two samples were dual positive for DENV1 and DENV2. Viral RNA was extracted using a Qiagen viral RNA mini kit (Qiagen, Aarhus, Denmark) from each serum sample to carry out a whole-genome analysis of DENV1. Superscript III (Life Technologies, CA, USA) was employed to synthesize cDNA, using random hexamers, and the cDNA was subjected to library preparation using a NExtera XT kit (Illumina, San Diego, CA, USA). Sequences were obtained by Miseq (Illumina) [7]. The raw reads were mapped to the reference DENV1 sequence (EU848545), and the consensus sequences were obtained using a CLC Genome Workbench (Qiagen).
Anti-dengue IgM and IgG detection was performed on the samples available for the whole genome sequences using an ELISA kit (Dengue ELISA IgM CAPTURE and Dengue ELISA IgG, VIRCELL, Granada, Spain) to determine the infection status (primary or secondary). Whether a sample was positive or negative was judged according to the manufacturer’s instructions. Since the DENV1 infection was confirmed by serotype-specific RT-PCR, we defined the infection status as follows: Primary infection was defined as IgG negative and IgM positive or IgG and IgM negative; secondary infection; IgG positive.
Results
We succeeded in obtaining 28 complete coding sequences from 40 patients with DENV1 infection with more than 30 coverage. All of the newly identified DENV1 sequences from northern Vietnam fell into the genotype I cluster, which is dominant in southeastern and eastern Asia (Fig. 1a). This cluster could be separated into four subclusters and was close to the JQ045660 isolate obtained in Vietnam in 2011. Notably, these isolates were phylogenetically distinct from the strains identified in China during the same period (MF681693, MF683116, and MF681692) [4], suggesting that the origin of DENV1 in northern Vietnam was different from the isolates found in nearby areas. We identified 135 amino acid substitutions in comparison with the standard genotype 1 strain, EU848545, and nine substitutions were conserved in all newly sequenced samples. Two substitutions are in the structural region, A173T in precursor membrane (PrM), and V312L in the Envelope protein (E). Seven of these substitutions were in the nonstructural region, including one in the Nonstructural protein 1 (NS1) (H111Y), one in NS2A (K218R), one in NS4B (T27A), and four in NS5 (R378K, K551R, V787I, and E833G) (Additional file 1: Table S1).[image: ../images/41182_2021_386_Fig1_HTML.png]
Fig. 1a Phylogenetic tree constructed by the whole genome sequence together with DENV1-4 standard strains and genotype I, II, IV and V sequences. The sample lists are attached to the supplementary material. The accession numbers of newly defined samples are also described in supplementary materials. b Expanded phylogenetic tree constructed by the complete E gene sequence together with genotype I isolates recorded in the ViPR database from 6 southeast or East Asian countries. Open circle: the Vietnames isolates between 2006 and 2008; Open triangle: between 2009 and 2011; Open square: between 2012 and 2014: black triangle: between 2015 and 2016: black circle: 2017, analyzed in this study


Available full-length genome sequences of DENV1 are insufficient for detailed analyses, therefore we analyzed the E gene region (approximately 1483 bp) together with reference sequences obtained from the Virus Pathogen Database and Analysis Resource (ViPR, NCBI) before the year of 2017 [8]. In total, we analyzed 1215 sequences from isolates obtained from southeastern and eastern Asia (287 from China, 261 from Thailand, 98 from Cambodia, 90 from Laos, 132 from Myanmar, 75 from Malaysia, and 272 from Vietnam; Additional file 2: Table S2). We aligned all the sequences using MEGA7 and then constructed a phylogenetic tree using the maximum likelihood (ML) method with 100 bootstraps [9]. Consistent with the whole genome analysis results, the 2017 Northern Vietnamese sequences fell into a single cluster with four closely related subgroups (Fig. 1b). The cluster included Vietnam isolates obtained in 2008 and 2016, in addition to two sequences from China (2012 and 2014), and one from Cambodia (2013). Chinese isolates in 2017 formed a distinct cluster with other Chinese, Malaysian, and Vietnamese isolates, which suggested that the group of DENV1 causing the large-scale outbreak in 2017 was circulating locally in the area. The cluster containing 2017 isolates encoded the V312L substitutions in the E region. On the database, the V312L substitution did not find any other group of DENV1.
The analysis of IgM and IgG indicated that 13 samples were categorized as a primary infection, and 13 samples as secondary infection (2 samples were not available because of the small sample volume) (Additional file 3: Table S3). For the phylogenetical analysis and amino acid sequence comparison, we did not observe conserved substitutions according to the infection status.
Discussions
The DENV1 sequences collected during 2017 outbreak period fell into a single cluster of genotype I with the V312L substitution in the E region. The cluster was consisted with the reported sequence from Vietnam after 2009 with a few exceptions from China and Cambodia. The V312L substitution was not found any other DENV1 sequence record on the database so far, it is suggested that the DENV1 variant causing for the 2017 outbreak was locally circulating variant. In Northern Vietnam, large scale DENV1 outbreak is recorded in 2009 [11, 12], and phylogenetic analysis showed high diversity in the 2009 isolates. A possible scenario is that part of the expanded variant encoding V312L in 2009 circulated and maintained within the region, and caused the outbreak in 2017.
Dengue incidence has been increasing over time globally. In Vietnam, the disease was reported to spread to South and Central regions but was not frequent in Northern and Highland regions until 1996. However, seasonal endemics were observed in Hanoi, northern region, after 1997, and large-scale outbreaks were also reported every 3–5 years. Such expansion of DENV infection is considered to be related to the environmental conditions and human mobility according to the social development of the affected countries. Since further civilization cannot be stopped, the risk of dengue will increase globally. Identification of the trigger of the outbreak may lead to the early prevention from DENV infection. Various viral and nonviral factors should be analyzed in the affected area [10]. Although such information was limited in the present study, we concluded that the DENV1-induced outbreak in 2017 in Vietnam was caused by locally circulating viruses. Elimination of locally circulating viruses is more challenging than the prevention of new viral invasion. The development of effective vaccines, treatments, and outbreak prediction tools is urgently needed to protect humans from DENV.
Conclusions
Our results suggested that the 2017 outbreak in the area was caused by locally circulating viruses. Control of locally circulating viruses is more complicated than preventing new viral invasion; however, the need to develop useful tools to reduce the risk of DENV infection is urgent.
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